2-Acetyl-1-hydroxynaphthalene was converted into 1,4-dimethoxy-2-naphthoxyacetic acid in seven steps (methylation, Bayer-Villiger oxidation, hydrolysis, bromination, methylation, alkylation and hydrolysis). 2-Hydroxy-1,4-naphthoquinone on acetylation, aromatization, methylation and hydrolysis, respectively, also yielded the title compound.
2-Acetyl-1,4-dimethoxynaphthalene has proved to be a potential intermediate in the synthesis of 1,3-disubstituted and 1,1,3trisubstituted naphtha [2,3-c] pyran-5,10-diones, which are naturally occurring compounds that exhibit antimicrobial, antiparasitic and phytototoxic activities [1] . 2-Hydroxy-1,4-dimethoxynaphthalene has been utilized for the synthesis of Rhinacanthin A, a naphthoquinone that exhibits a wide range of biological activities [2] . These observations encouraged us to develop a synthesis of 1,4dimethoxy-2-naphthoxyacetic acid (5) (Schemes 1 and 2), which on cyclization was expected to lead to the formation of naphthofuran. This in turn can be converted easily to furonaphthooquinone. Furonaphthoquinone derivatives are widely distributed in nature and have shown a variety of interesting biological activities [3a-3c] In the first route (Scheme 1) the commercially available 2-hydroxy-1,4-naphthoquinone (1) on acetylation yielded the acetate 2 in 91% yield, which on aromatization with a solution of tetrabutylammonium bromide and sodium dithionite [6] at room temperature afforded naphthol, as was evidenced by spectroscopic data. Methylation of the crude product yielded the 2-acetoxy-1,4dimethoxynaphthalene (3) in 35% yield. The experiment was repeated by altering the experimental conditions (for example, an increment in the mole proportion of the reagents and also the time of stirring), but no satisfactory improvement in yield was observed. The reason for the low yield can be accounted for by assuming that electron donating groups attached directly to quinone disfavor the aromatization [5a]. Alkaline hydrolysis of 3 afforded the already reported naphthol 4 [2] in 98% yield, the mp and spectroscopic properties of which were identical to those reported. O-Alkylation of 4 with ethyl bromoacetate, followed by alkaline hydrolysis yielded the desired 1,4-dimethoxy-2-naphthoxyacetic acid (5) assigned. As the overall yield of the acid 5 was not satisfactory, an alternative route was sought and this is delineated in Scheme 2. The already known 1-methoxy-2-hydroxynaphthalene (6) [5b] on bromination [5c] afforded compound 7 in 95% yield; this was converted into the naphthol 4 in 98% yield by the reported procedure [1] . The present method is simpler than that reported [3b]. The transformation of 4 into the target compound 5 in 92% yield (overall yield 85.6%) was carried out by the procedure described in Scheme1.
In conclusion, for the first time, two distinct procedures were developed for the synthesis of the acid 5. The overall yield of the first method is inferior to that of the second. The already known intermediates have been prepared by a different procedure. The accumulation of larger amounts of acid 5 and its cyclization to naphthofuran will be attempted shortly.
Experimental
General: IR, Nicolet-Fourier Transform (FT) instrument; NMR, Bruker AM-300 spectrometer; MS, Thermo Finnigan TSQ Quantum Ultra AM mass spectrometer; Elemental analyses, Carlo-Erba 1108 analyzer; Flash column chromatography, silica gel 60 (0.04-0.063 mm) ASTM from Scharlau.TLC plates were coated with silica gel 60 F 254 layer thickness of 0.2 mm and the compounds were located by exposing the plate to UV light.
2-Acetoxy-1,4-naphthoquinone (2):
To a solution of compound 1 (2.01 g, 11.54 mmol) in acetic anhydride (40 mL) was added conc. sulfuric acid (0.5 mL) and heated under reflux for 2 h. The reaction mixture was cooled, diluted with water, stirred for 1 h and extracted with diethyl ether. The organic extracts were washed with a solution of sodium bicarbonate (10%). The residue obtained by the usual workup was purified (n-hexane-Et 2 O) (9:1) to obtain the acetate 2 (2.26 g, 91%) as white solid. MP: 128-130 o C (from diethyl ether) lit [6a,6b] MP: 128-130 o C. Acetoxy-1,4-dimethoxynaphthalene (3) : To a solution of the acetate 2 (1.01 g, 4.67 mmol) in tetrahydrofuran (10 mL) was added NPC Natural Product Communications 2015 Vol. 10 No. 7 1237 -1238 1238 Natural Product Communications Vol. 10 (7) 2015 Chinea & Banerjee tetrabutylammonium bromide (85 mg, 0.26 mmol) in water (2 mL), followed by the addition of a solution of sodium dithionite (4.70 g, 27 mmol) in water (20 mL). The mixture was stirred for 30 min at room temperature. The reaction mixture was diluted with water and extracted with dichloromethane. The usual workup afforded a thick liquid which in dry acetone (20 mL) was added to a suspension of dimethyl sulfate (2 mL, 0.01 mol) and potassium carbonate (1.61g, 0.01 mol). The mixture was heated under reflux for 4 h. The usual workup, followed by purification (n-hexane-Et 2 O) (9:1) yielded 3 (401 mg, 35%) as pale yellow oil. Rf: 0.77 (n-hexane-diethyl ether 8:2). IR (neat): 1736, 1601, 1251 cm -1 . 1 Hydroxy-1,4-dimethoxynaphthalene (4) : To a solution of compound 3 (395 mg, 1.60 mmol) in absolute methanol (15 mL) was added hydrochloric acid (10%, 5 mL). The mixture was heated under reflux for 2 h, cooled, diluted with water and extracted with dichloromethane. The organic extracts were washed in turn with an aqueous solution of sodium hydrogen carbonate (3%, 10 mL) and the usual workup yielded an oil, which on purification (n-hexane: diethyl ether 9:1) afforded naphthol 4 (320 mg, 98%) as a pale yellow solid. MP: 93-94 o C (from diethyl ether), lit [2] MP: 94-95 o C
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1,4-Dimethoxy-2-naphthoxyacetic acid (5):
To a solution of the naphthol 4 (100 mg, 0.53 mmol) in dry acetone (10 mL) was added potassium carbonate (65 mg, 0.54 mmol). The mixture was stirred for 15 min and cooled to 0 o C. To the resulting solution was added, dropwise, ethyl bromoacetate (0.2 mL, 1.69 mmol) and the mixture was heated under reflux for 4 h. The reaction mixture was cooled, filtered, diluted with water and extracted with diethyl ether. To the methanolic solution (20 mL) of the resulting brown oil was added potassium hydroxide (200 mg, 3.57 mmol); the mixture was heated under reflux for 1h. The reaction mixture was cooled, diluted with HCl (10 mL, 5%) and water, and extracted with diethyl ether. The product obtained by workup was purified (n-hexane: Et 2 O 3:7) to afford the acid 5 (119 mg, 92%) as white solid. MP: 121-124 o C (from diethyl ether) Rf: 0.35 (n-hexane: diethyl ether 5:5) IR (neat): 1735, 3335, 1599, 1249 cm -1 . 1 H NMR (300 MHz CDCl 3 ): 7.98 (1H, d, J= 8.5 Hz, 7.81 (1H, d, J=8.5 Hz, td, J= 8.1 Hz, 1.2 Hz, td, J =8.2 Hz, 1.2 Hz, H-7), 6.82 (1H, s, H-3) , 4.92 (2H, s, CH 2 ), 4.04 (3H, s, OMe), 3.91 (3H, s, OMe). 13 C NMR (75 MHz CDCl 3 ): 173.5 (C=O), 147.6 (C-2), 145.52 (C-4), 144.1 (C-1), 132.9 (C-10), 127.9 (C-9), 126.8 (C-5), 124.4 (C-6), 123.8 (C-7), 116.4 (C-8), 98.32 (C-3), 67.7 (OCH 2 ), 62.5 (OMe), 61.6 (OMe). MS: (m/z) (%) = 262 (M + ), 263 (M + +1), 217 (M + -COOH). Anal: Calcd for C 14 H 14 O 5 : C, 64.11; H, 5.38. Found: C, 64.32; H, 5.52 . Bromo-2-hydroxy-1-methoxynaphthalene (7) : To a solution of the naphthalene 6 (150 mg, 0.86 mmol) in glacial acetic acid (3 mL) and ammonium bromide (126 mg, 1.28 mmol) was added, dropwise, 30% hydrogen peroxide (5 mL); the contents were stirred at room temperature for 2 h. The reaction mixture was treated with a saturated solution (5 mL Hydroxy-1,4-dimethoxynaphthalene (4) Second procedure: To a saturated solution of sodium methoxide, prepared by dissolving sodium (800 mg) in dry methanol (10 mL), was added dry DMF (5 mL). The mixture was heated under reflux followed by the addition of copper(I) bromide (200 mg, 1.39 mmol) and heating was continued for an additional 30 min. To the suspension was added, dropwise, a solution of compound 7 (200 mg, 0.79 mmol) in dry DMF (3 mL) and heated under reflux for 18 h. The reaction mixture was cooled, filtered, diluted with water and extracted with diethyl ether. The usual workup afforded a dense liquid which was purified (n-hexane: Et 2 O) (7:3) to obtain compound 4 (150 mg, 98%) as a pale yellow solid whose mp and spectroscopic properties were identical with compound 4 prepared by the first route.
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